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Description 

Backgr und of the Invention 

[0001] This invention relates generally to the field of 
metal alloys useful for metal plating. In particular, the 
present invention relates to tin-copper alloys for elec- 
tronic applications. 

[0002] Tin and tin-lead alloy deposits are useful for the 
electronics industry, particularly in the manufacture of 
printed wiring boards, electrical contacts and connec- 
tors, semi-conductors, electrical conduit and other relat- 
ed parts where the inherent properties of these deposits 
are necessary. Electroplating methods for depositing 
tin, tin-lead and other tin containing alloys are well 
known and many electrolytes have been proposed for 
electroplating such metals and/or alloys. For example, 
US Patent No. 4,880,507 (Toben et al.) discloses an 
electrolyte, system and process for depositing tin, lead 
or a tin-lead alloy by high speed electroplating. 
[0003] The electronics industry is continuously look- 
ing for alternatives to lead as the toxic properties of this 
material are well known and its use may be regulated in 
the future. The challenge to the industry has been find- 
ing suitable replacements for tin-lead alloys that pos- 
sess the same or similar properties. Once such replace- 
ments are found, electroplating processes capable of 
codepositing the alloying metals in just the right propor- 
tions to impart the desired properties must be devel- 
oped. 

[0004] The melting temperature and compositions, 
typically the eutectic composition, of the alloys used for 
such applications in the electronics industry is critical. 
For example, the composition of solders must be effec- 
tively controlled or else the solder may melt at too high 
or too low a temperature, resulting in either a tempera- 
ture too high for printed wiring boards to withstand or 
incomplete formation of the solder joint. It is also impor- 
tant that any metal or alloy deposit on the components 
have good solderability and be able to withstand the sol- 
der temperatures used. It is also advantageous that 
such metal or alloy deposit form a good solder joint with 
tin-lead solder and lead-free solders. 
[0005] Known lead-free alloys suffer from one or more 
deficiencies that limit their applicability to the electronics 
industry. Such deficiencies include: a eutectic tempera- 
ture that is either too high or too low, and high cost due 
to expensive components, such as indium. Other lead- 
free alloys have typically been used as solders, but not 
as finishes for electronic components. For example, nu- 
merous lead-free solder pastes are known, such as tin- 
silver, tin-silver-copper, tin-silver-antimony-copper and 
tin-copper. However, such paste compositions have not 
been used for preparing electrolyte compositions for 
electroplating. 

[0006] Tin-copper alloys are known to be electroplat- 
ed. For example, Soviet Union Patent Application 377 
435 A discloses a copper-tin alloy that is electrolytically 



deposited from a bath containing 21 to 25 g/L copper (I) 
cyanide, 56 to 65 g/L potassium cyanide (total), 26 to 
28 g/L potassium cyanide (free), 56 to 62 g/L sodium 
stannate, 9 to 10 g/L sodium hydroxide and 0.04 to 0.2 
5 g/L 3-methylbutanol. This bath contains 15 to 17.8 g/L 
copper and 25 to 27.6 g/L tin and has a pH of 12.8 to 
13.2. This electrolyte composition has a very high cya- 
nide concentration which is dangerous to handle. The 
resulting alloy also has a high copperconcentration and 
does not provide a eutectic tin-copper alloy. 
[0007] Soviet Union Patent Application 305 206 A dis- 
closes highly adherent copper-tin alloy coatings depos- 
ited from an electrolyte consisting of 1 5 to 35 g/L copper 
pyrophosphate, 20 to 35 g/L sodium stannate, 170 to 
240 g/L potassium pyrophosphate and 5-17 g/L potas- 
sium nitrate. This bath contains 6.3 to 14.7 g/L copper 
and 8.9 to 15.6 g/L tin and has a pH of 10 to 11. The 
resulting alloy also has a high copperconcentration and 
does not provide a eutectic tin-copper alloy. 
[0008] There is thus a continuing need for tin alloys 
having a high concentration of tin, particularly for eutec- 
tic tin-copper alloys, that do not contain lead, avoid high 
cyanide concentrations, that have good mechanical 
properties, are easily solderable, and that can be easily 
electrolytically deposited. 

Summary of the Invention 

[0009] It has been surprisingly found that tin-copper 
alloys that are substantially free of lead may be success- 
fully plated using the electrolyte compositions of the 
present invention. Such tin-copper alloys produced from 
the electrolyte compositions of the present invention 
have the advantage of lower melting point combined 
with good mechanical and electrical properties as well 
as resistance to tin whisker formation. 
[0010] In a first aspect, the present invention provides 
an electrolyte composition for depositing a tin-copper al- 
loy on a substrate, including 5 to 100 g/L tin, 0.01 to 10 
g/L copper, one or more acidic electrolytes and option- 
ally one or more additives, wherein the composition is 
substantially free of lead. 

[001 1 ] In a second aspect, the present invention pro- 
vides a method for depositing a tin-copper alloy on a 
substrate including the steps of contacting the substrate 
with the electrolyte composition described above and 
passing a current through the electrolyte to deposit the 
tin-copper alloy on the substrate, wherein the alloy is 
substantially free of lead. 

[0012] In a third aspect, the present invention pro- 
vides a substrate having a tin-copper alloy deposited 
thereon according to the process described above. 
[0013] In a fourth aspect, the present invention pro- 
vides a substrate including an alloy including 0.01 to 20 
wt% copper and 80 to 99.99 wt% tin, wherein the alloy 
is substantially free of lead. 

[0014] In a fifth aspect, the present invention provides 
a method for high speed electroplating of tin-copper al- 
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loys including the steps of a) utilizing high speed elec- 
troplating equipment comprising an electroplating cell; 
an overflow reservoir adjacent the cell; means for re- 
turning solution from the reservoir to the electroplating 
cell; means for directing a substrate to be plated from 
an entry point at one end of the cell to an exit at a second 
end of the cell; b) introducing an electrolyte including a 
basis solution of 5 to 100 g/L tin, 0.01 to 10g/L copper, 
one or more acidic electrolytes, and optionally one or 
more additives, wherein the basis solution is substan- 
tially free of lead; and c) continuously electroplating sub- 
strates with tin-copper alloy at a sufficient current den- 
sity and at a sufficient temperature for high speed elec- 
troplating as the substrates pass through the electro- 
plating solution within the cell. 
[0015] In a sixth aspect, the present invention pro- 
vides a method for depositing a tin-copper alloy includ- 
ing the steps of a) contacting a printed wiring board with 
an electrolyte composition including 5 to 100 g/L tin, 
0.01 to 10 g/L copper, one or more acidic electrolytes 
and optionally one or more additives, wherein the elec- 
trolyte is substantially free of lead and b) passing a cur- 
rent through the electrolyte to deposit the tin-copper al- 
loy on the printed wiring board. 
[0016] In a seventh aspect, the present invention pro- 
vides a printed wiring board including a tin-copper alloy 
deposited thereon , wherein the alloy is substantially free 
of lead. 

[0017] In an eighth aspect, the present invention pro- 
vides an electronic apparatus including a printed wiring 
board including a tin-copper alloy deposited thereon, as 
described above. 

Detailed Description of the Invention 

[0018] As used throughout this specification, the fol- 
lowing abbreviations shall have the following meanings, 
unless the context clearly indicates otherwise: C = Cen- 
tigrade; F = Fahrenheit; g = gram; mL = milliliter; L = 
liter; wt% = percent by weight; ppm = parts per million; 
urn = micron; and ASF = amps per square foot. The 
terms "depositing" and "plating" are used interchange- 
ably throughout this specification. "Halide" refers to flu- 
oride, chloride, bromide and iodide. All percentages are 
by weight, unless otherwise noted. All numerical ranges 
are inclusive. 

[0019] The electrolyte compositions of the present in- 
vention include 5 to I00g/L tin, 0.01 to 10 g/L copper, 
one or more acidic electrolytes, and optionally one or 
more additives to enhance the efficiency and/or quality 
of the plating. The electrolyte compositions and tin-cop- 
per alloys of the present invention are substantially free 
of lead, and preferably free of lead. By "substantially free 
of lead" is meant that the electrolyte composition and 
the tin-copper alloy of the present invention contain less 
than about 50 ppm of lead. The electrolyte compositions 
of the present invention are preferably substantially free 
of cyanide, and more preferably free of cyanide. The 



electrolyte compositions of the present invention are al- 
so preferably substantially free of pyrophosphate, and 
more preferably free of pyrophosphate. 
[0020] The tin useful in the present invention may be 

5 in the form of any solution soluble tin compound. Suita- 
ble tin compounds include, but are not limited to salts, 
such as tin halides, tin sulfates, tin alkane sulfonate, tin 
alkanol sulfonate, and the like, and acids. When tin hal- 
ide is used, it is preferred that the halide is chloride. It 

10 is preferred that the tin compound is tin sulfate, tin chlo- 
ride or tin alkane sulfonate, and more preferably tin sul- 
fate or tin methane sulfonate. The tin compounds useful 
in the present invention are generally commercially 
available or may be prepared by methods known in the 

15 literature. 

[0021] The amount of tin compound useful in the elec- 
trolyte compositions of the present invention is any 
amount that provides a tin content typically in the range 
of 5 to 100 g/L, and preferably 10 to 70 g/L. When the 

20 composition of the present invention is used in a non- 
high speed plating process, the amount of tin present in 
the electrolyte composition is typically in the range of 5 
to 40 g/L, and preferably 1 0 to 20 g/L. When the com- 
position of the present invention is used in a high speed 

25 plating process, the amount of tin present in the electro- 
lyte composition is typically in the range of 20 to 100 g/ 
L, and preferably 50 to 70 g/L. Mixtures of tin com- 
pounds may also be used advantageously in the present 
invention. 

30 [0022] The copper useful in the present invention may 
be in the form of any solution soluble copper compound. 
Suitable copper compounds include, but are not limited 
to copper halides, copper sulfate, copper alkane sul- 
fonate, copper alkanol sulfonate, and the like. When 

35 copper halide is used, it is preferred that the halide is 
chloride. It is preferred that the copper compound is cop- 
per sulfate, copper alkane sulfonate or mixtures thereof, 
and more preferably copper Sulfate, copper methane 
sulfonate or mixtures thereof. The copper compounds 

40 useful in the present invention are generally commer- 
cially available or may be prepared by methods known 
in the literature. 

[0023] The amount of copper compound useful in the 
electrolyte compositions of the present invention is any 

45 amount that provides a copper content typically in the 
range of 0.01 to 10 g/L, and preferably 0.02 to 5 g/L. 
When the composition of the present invention is used 
in a non-high speed plating process, the amount of cop- 
per present in the electrolyte composition is typically in 

50 the range of 0.01 to 5 g/L, and preferably 0.02 to 2 g/L. 
When the composition of the present invention is used 
in a high speed plating process, the amount of copper 
present in the electrolyte composition is typically in the 
range of 0.5 to 10 g/L, and preferably 0.5 to 5 g/L. Mix- 

55 tures of copper compounds may be used advanta- 
geously in the present invention. 
[0024] Any acidic electrolyte that is solution soluble 
and does not otherwise adversely affect the electrolyte 
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composition may be used advantageously in the 
present invention Suitable acidic electrolytes include, 
but are not limited to alkane sulfonic acids, such as 
methane sulfonic acid, sulfuric acid, sulfamic acid, hy- 
drochloric acid, hydrobromic acid and fluoroboric acid. 
The acidic electrolytes useful in the present invention 
are generally commercially available or may be pre- 
pared by methods known in the literature. 
[0025] Typically, the amount of acidic electrolyte is in 
the range of 1 0 to 400 ml_/L, and preferably 1 00 to 200 
mL/L It is preferred that when the tin compound and/or 
copper compound is a halide that the acidic electrolyte 
is the corresponding acid. For example, when tin chlo- 
ride and copper chloride are used in the present inven- 
tion, it is preferred that the acidic electrolyte is hydro- 
chloric acid. It will be appreciated by those skilled in the 
art that mixtures of acidic electrolytes may also be used 
in the present invention. 

[0026] Electroplating baths containing the electrolyte 
compositions of the present invention are typically pre- 
pared by adding to a vessel one or more acidic electro- 
lytes, followed by one or more tin compounds and one 
or more copper compounds, and then one or more other 
additives. Other orders of addition of the components of 
the compositions of the present invention may be used. 
Once the bath is prepared, undesired material is re- 
moved, such as by filtration, and then water is added to 
adjust the final volume of the bath. The bath may be ag- 
itated by any known means, such as stirring, swirling or 
shaking, for increased plating speed. 
[0027] The electrolyte compositions of the present in- 
vention and plating baths prepared therefrom typically 
are acidic, i.e. having a pH of less than 7, typically less 
than 1 . An advantage of the electrolyte compositions of 
the present invention is that pH adjustment of the elec- 
troplating bath is not necessary. However, if a composi- 
tion of a specific pH is desired, such as in the range of 
2.5 to 4.5, then adjustment of the pH is necessary. Such 
pH adjustment may be by any known methods, such as 
the addition of base or use of lesser amounts of acidic 
electrolyte . Such electrolyte compositions of the present 
invention having a pH of in the range of 2.5 to 4.5 are 
particularly suited for use in the plating of components 
containing pH-sensitive materials such as, for example, 
glass or ceramic capacitors and resistors. 
[0028] The electrolyte compositions of the present in- 
vention are useful in any plating method where a tin- 
copper alloy is desired. Suitable plating methods in- 
clude, but are not limited to barrel plating and high speed 
plating. A tin-copper alloy may be deposited on a sub- 
strate by the steps of contacting the substrate with the 
electrolyte composition described above and passing a 
current through the electrolyte to deposit the tin-copper 
alloy on the substrate. Any substrate that can be elec- 
trolytically plated with a metal is suitable for plating ac- 
cording to the present invention. Suitable substrates in- 
clude, but are not limited to; copper, copper alloys, nick- 
el, nickel alloys, nickel-iron containing materials, elec- 



tronic components, plastics, and the like. Suitable plas- 
tics include plastic laminates, such as printing wiring 
boards, particularly copper clad printed wiring boards. 
The electrolyte compositions of the present invention 
5 are particularly suitable for electroplating of electronic 
components, such as lead frames, semiconductor pack- 
ages, components, connectors, contacts, chip capaci- 
tors, chip resistors, printed wiring boards, and the like. 
[0029] The substrate may be contacted with the elec- 
trolyte composition in any manner known in the art. Typ- 
ically, the substrate is placed in a bath containing the 
electrolyte composition of the present invention. 
[0030] Typically, the current density used to plate the 
tin-copper alloy of the present invention is in the range 
of, but not limited to, 1 to 2000 ASF. When a non-high 
speed electroplating process is used, the current den- 
sity is typically in the range of 1 to 40 ASF, and preferably 
1 to 30 ASF. 

[0031] Typically, the tin-copper alloy of the present in- 
vention may be deposited at a temperature in the range 
of, but not limited to, 60° to 150° F (15° to 66° C) or 
higher, and preferably 70° to 125° F (21° to 52° C), and 
more preferably 75° to 120° F (23° to 49° C). When a 
non-high speed electroplating process is used, the tem- 
perature is preferably about 70° to 75° F (21° to 25° C). 
It will be appreciated by those skilled in the art that lower 
plating temperatures are typically used with low speed, 
or non-high speed, plating systems and/or the use of 
brighteners. It will also be appreciated by those skilled 
in the art that higher temperatures are used with high 
speed plating systems. 

[0032] For example, when the electrolyte composi- 
tions of the present invention are used to deposit a tin- 
copper alloy on a copper clad printed wiring board, a 
suitable current density is 20 ASF. The length of time 
the printed wiring board remains in the electroplating 
bath is not critical, but typically is 8 to 10 minutes at 20 
ASF. The resulting tin-copper alloy plated on the printed 
wiring board is typically 7 to 8 jim in thickness. 
[0033] In general, the length of time a substrate re- 
mains in a plating bath containing the electrolyte com- 
positions of the present invention is not critical. Longer 
times typically result in thicker deposits while shorter 
times typically result in thinner deposits, for a given tem- 
perature and current density. Thus, the length of time a 
substrate remains in a plating bath may be used to con- 
trol the thickness of the resulting alloy deposit. 
[0034] The electrolyte compositions of the present in- 
vention may be used to deposit tin-copper alloys con- 
taining 0.01 to 20 wt% copper and 80 to 99.99 wt% tin, 
based on the weight of the alloy, as measured by either 
atomic adsorption spectroscopy ("AAS") or inductively 
coupled plasma ("ICP"). It is preferred that the tin<op- 
per alloy be the eutectic mixture, i.e. 99.3% tin and 0.7% 
copper. Such tin-copper alloys are substantially free of 
lead, and preferably free of lead. 
[0035] A further advantage of the electrolyte compo- 
sitions of the present invention is that they may be sue- 
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cessf ully used to deposit tin-copper alloy in a high speed 
electroplating process. The term "high speed electro- 
plating" refers to those processes which operate at a 
current density about 50 ASF or greater using the above 
described equipment. Typical current densities are in 
the range of 50 to 2000 ASF or higher, preferably 100 
to 1 500 ASF, and more preferably 200 to 500 ASF. Typ- 
ically, such processes also operate above a tempera- 
ture of about 70° F (21° C). Suitable temperatures in- 
clude, but are not limited to, those in the range of 70° to 
140° F (21° to 60° C) or higher, preferably greater than 
85° F (29° C), and more preferably greater than 95° F 
(35° C). 

[0036] Such a method for high speed electroplating of 
tin-copper alloys includes the steps of: a) utilizing high 
speed electroplating equipment comprising an electro- 
plating cell; an overflow reservoir adjacent the cell; 
means for returning solution from the reservoir to the 
electroplating cell; means for directing a substrate to be 
plated from an entry point at one end of the cell to an 
exit at a second end of the cell; b) introducing an elec- 
trolyte including a basis solution of 5 to 1 00 g/L tin, 0.01 
to 10 g/L copper, one or more acidic electrolytes, and 
optionally one or more additives, wherein the basis so- 
lution is substantially free of lead; and c) continuously 
electroplating substrates with tin-copper alloy at a suffi- 
cient current density and at a sufficient temperature for 
high speed electroplating as the substrates pass 
through the electroplating solution within the cell. 
[0037] The returning means may be any known 
means, such as tubes, hoses, conduits, pumps, drains 
and the like. The directing means may be any known 
means, such as conveyors, belts, rollers, robot arms 
and the like. 

[0038] The high speed electroplating process of the 
present invention may be performed using any of a va- 
riety of high speed electroplating equipment. Such high 
speed electroplating equipment is well known to those 
skilled in the art, such as, for example, that disclosed in 
US Pat. No. 3,819,502, herein incorporated by refer- 
ence to the extent it teaches such equipment. 
[0039] Another advantage of the electrolyte composi- 
tions and electroplating methods of the present inven- 
tion is that tin-copper alloys, particularly eutectic tin-cop- 
per alloy, may be plated at generally the same speed as 
corresponding 100% tin systems. Thus, the composi- 
tions and methods of the present invention may be used 
advantageously without any increase in the plating time 
required as compared to all tin plating processes. An- 
other advantage of the electrolytes of the present inven- 
tion is that they are 100% efficient. 
[0040] An advantage of the tin-copper alloy composi- 
tions of the present invention is that they have a lower 
melting point combined with good mechanical and elec- 
trical properties as well as resistance to tin whisker for- 
mation. 

[0041 ] It will be appreciated by those skilled in the art 
that one or more other additives may be combined with 



the electrolyte composition of the present invention, 
such as other alloying materials, reducing agents, wet- 
ting agents, brightening agents and the like. Mixtures of 
additives may also be used in the present invention. 

5 [0042] Suitable other alloying materials that may be 
used in the present invention include, but are not limited 
to: zinc, bismuth, indium or antimony. Such other alloy- 
ing materials may be used, for example, to slightly mod- 
ify the melting range of the tin-copper alloy. The 

10 amounts of such other alloying materials are well known 
to those skilled in the art and may be any amount that 
provides the desired properties. Such other alloying ma- 
terials are typically present in an amount of less than 
1%, and preferably less than 0.5%. However, greater 

15 amounts may be used advantageously in the present 
invention. 

[0043] Reducing agents may be added to the electro- 
lyte composition of the present invention to assist in 
keeping the tin in a soluble, divalent state. Suitable re- 

20 ducing agents include, but are not limited to, hydroqui- 
none and hydroxylated aromatic compounds, such as 
resorcinol, catechol, and the like. 
[0044] Suitable wetting agents are any which yield de- 
posits having good solderability, good matte or lustrous 

25 finish with satisfactory grain refinement, are stable in the 
acidic electroplating bath, electroplate at high speeds, 
provide little or no foam to the bath during the electro- 
plating process, and provide a cloud point of the bath 
above about 110° F (43° to 44° C). Suitable wetting 

30 agents include, but are not limited to: relatively low mo- 
lecular weight ethylene oxide ("EO") derivatives of 
aliphatic alcohols containing an atkyl group of up to 7 
carbons or ethylene oxide derivatives of aromatic alco- 
hols having up to two aromatic rings, which may be 

35 fused and which may be substituted with an alkyl group 
having up to 6 carbons. The aliphatic alcohols may be 
saturated or unsaturated. The aromatic alcohols typical- 
ly have up to 20 carbon atoms prior to derivatization with 
ethylene oxide. Such aliphatic and aromatic alcohols 

40 may be further substituted, such as with sulfate or sul- 
fonate groups. Suitable wetting agents include, but are 
not limited to: polystyrenated phenol with 12 moles of 
EO, butanol with 5 moles of EO, butanol with 16 moles 
of EO , butanol with 8 moles of EO, octanol with 1 2 moles 

45 of EO, beta-naphthol with 13 moles of EO, bisphenol A 
with 1 0 moles of EO, sulfated bisphenol A with 30 moles 
of EO and bisphenol A with 8 moles of EO. Typically, 
such wetting agents are added in an amount of 0.1 to 
15 mL/L, and preferably 0.5 to 10 mL/L. 

50 [0045] Bright deposits may be obtained by adding 
brighteners to the electrolyte compositions of the 
present invention. Such brighteners are well known to 
those skilled in the art. Suitable brighteners include, but 
are not limited to aromatic aldehydes, such as chlo- 

55 robenzaldehyde, or derivatives thereof, such as benzal 
acetone. The amounts of such additives are well known 
to those skilled in the art. 

[0046] It will be appreciated by those skilled in the art 



9 



EP 1 091 023 A2 



10 



that other compounds may be added to the electrolyte 
compositions of the present invention to provide further 
grain refinement. Such other compounds may be added 
to the electrolyte composition of the present invention 
to further improve deposit appearance and operating 
current density range. Such other compounds include, 
but are not limited to: alkoxylates, such as the polyethox- 
ylated amines JEFFAMINE T-403 or TRITON RW, or 
sulfated alkyl ethoxylates, such as TRITON QS-15, and 
gelatin or gelatin derivatives. The amounts of such other 
compounds useful in the compositions of the present in- 
vention are well known to those skilled in the art and 
typically are in the range of 0.1 to 20 mL/L, preferably 
0.5 to 8 mL/L, and more preferably 1 to 5 mL/L. 
[0047] In another embodiment, acetaldehyde or glu- 
taraldehyde may be added to the compositions of the 
present invention to increase the high current density of 
the plating bath. The amount of acetaldehyde or glutar- 
aldehyde added is that amount sufficient to raise the 
useful current density to the desired level. Typically, 
acetaldehyde or glutaraldehyde is used at an amount of 
0.5 to 3 g/L, and preferably 1 to 2 g/L. 
[0048] Which optional additives, if any, are added to 
the electrolyte compositions of the present invention de- 
pends upon the results and types of deposits desired. It 
will be clear to one skilled in the art which additives and 
in what amounts are needed to achieve the desired fin- 
ished alloy. 

[0049] A further advantage of the tin-copper alloys of 
the present invention is that they are easily solderable. 
Thus, any solder may be used. Suitable solders include, 
but are not limited to tin-lead solders, tin-copper solders, 
tin-silver solders, tin-bismuth solders, and ternary alloys 
thereof. It is preferred that the solder is lead free. 
[0050] The following examples are intended to illus- 
trate further various aspects of the present invention, 
but are not intended to limit the scope of the invention 
in any aspect. 

Example 1 

[0051] An electrolyte composition was prepared con- 
taining 15 g/L tin from tin sulfate, 0.5 g/L copper from 
copper sulfate, 1 00 mL/L sulfuric acid and 2 mL/L poly- 
styrenated phenol. An electrolyte bath was prepared by 
combining the electrolyte composition with water to pro- 
vide the desired volume. A copper alloy lead frame sub- 
strate was plated by placing the substrate in the bath 
and treating the bath with a low current density (10 ASF) 
at 75° F (24° C) for approximately 20 minutes. After plat- 
ing, the substrate was removed and contained a 10 urn 
thick tin-copper alloy deposit. 

Example 2 

[0052] The procedure of Example 1 was repeated ex- 
cept that the electrolyte composition further included ap- 
proximately 100 ppm of chlorobenzaldehyde. 



Example 3 

[0053] An electrolyte composition was prepared con- 
taining 60 g/L tin as tin methane sulfonate, 1 .5 g/L cop- 
5 per as copper methane sulfonate, 200 mL/L methane 
sulfonic acid and 2 mL/L ethoxylated bisphenol A. An 
electrolyte bath was prepared by combining the electro- 
lyte composition with water to provide the desired vol- 
ume. An iron-nickel alloy lead frame substrate was plat- 
to ed by placing the substrate in the bath and treating the 
bath with a high current density (150 ASF) at 120° F 
(49° C) for 1 .3 minutes. After plating, the substrate was 
removed and contained a tin-copper alloy deposit. 

15 Example 4 

[0054] The procedure of Example 3 was repeated ex- 
cept that the electrolyte composition further included ap- 
proximately 100 ppm of chlorobenzddebyde. 

20 

Example 5 

[0055] An electrolyte composition is prepared by com- 
bining 15 g/L tin as tin methane sulfonic acid, 0.5 g/L 

25 copper as copper methane sulfonate, 50 g/L sodium glu- 
conate, 18 g/L boric acid and 0.625 g/L polyethoxylated 
beta-naphthol. An electrolyte bath is prepared by com- 
bining the electrolyte composition with sufficient water 
to provide the desired volume and the pH is adjusted to 

30 3.5. A mild steel coupon is plated by placing the coupon 
in the bath and applying a current density of 5 ASF at 
72° F (22° C) for 20 minutes. After plating, the coupon 
is removed and a copper-tin alloy is deposited thereon. 

35 Example 6 

[0056] The procedure of Example 5 is repeated ex- 
cept that the electrolyte composition further includes ap- 
proximately 2.15 g/L of sodium cocoamphodipmpion- 
^0 ate. 



Claims 



45 1 . An electrolyte composition for depositing a tin-cop- 
per alloy on a substrate, comprising 5 to 1 00 g/L tin, 
0.01 to 10 g/L copper, one or more acidic electro- 
lytes and optionally one or more additives, wherein 
the composition is substantially free of lead. 

50 

2. The composition of claim 1 wherein the tin is in the 
form of a tin compound selected from the group 
comprising tin halides, tin sulfates, tin alkane sul- 
fonate, tin alkanol sulfonate and mixtures thereof. 

55 

3. The composition of claim 1 wherein the copper is in 
the form of a copper compound selected from the 
group comprising copper halides, copper sulfate, 
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copper alkane sulfonate, copper alkanol sulfonate 
and mixtures thereof. 

4. The composition of claim 1 wherein the acidic elec- 
trolyte is selected from the group comprising alkane 
sulfonic acids, sulfuric acid, sulfamic acid, hydro- 
chloric acid, hydrobromic acid and fluoroboric acid. 

5. The composition of claim 1 wherein the acidic elec- 
trolyte is present in an amount of 10 to 400 mL/L. 

6. The composition of claim 1 further comprising wa- 
ter. 

7. The composition of claim 1 wherein the additives 
are selected from the group comprising alloying ma- 
terials, reducing agents, wetting agents, brighten- 
ing agents and mixtures thereof. 

8. A method for depositing a tin-copper alloy on a sub- 
strate including the steps of contacting the sub- 
strate with the electrolyte composition of claim 1 
and passing a current through the electrolyte to de- 
posit the tin-copper alloy on the substrate, wherein 
the alloy is substantially free of lead. 

9. The method of claim 8 wherein the current used has 
a current density in the range of 1 to 2000 ASF. 

10. The method of claim 8 wherein the substrate is se- 
lected from the group comprising copper, copper al- 
loys, nickel, nickel alloys, nickel-iron containing ma- 
terials, electronic components, and plastics. 

1 1 . The method of claim 1 0 wherein the electronic com- 
ponents are selected from the group comprising 
lead frames, semiconductor packages, compo- 
nents, connectors, contacts, chip capacitors, chip 
resistors, printed wiring boards. 

12. A substrate having a tin-copper alloy deposited 
thereon according to the method of claim 8. 

13. A substrate comprising an alloy comprising 0.01 to 
20 wt% copper and 80 to 99.99 wt% tin, wherein the 
alloy is substantially free of lead. 

14. A method for high speed electroplating of tin-copper 
alloys comprising the steps of: a) utilizing high 
speed electroplating equipment comprising an 
electroplating cell; an overflow reservoir adjacent 
the cell; means for returning solution from the res- 
ervoir to the electroplating cell; means for directing 
a substrate to be plated from an entry point at one 
end of the cell to an exit at a second end of the cell; 
b) introducing an electrolyte composition compris- 
ing a basis solution of 5 to 100 g/L tin, 0.01 to 10 g/ 
I copper, one or more acidic electrolytes, and op- 
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tionally one or more additives, wherein the basis so- 
lution is substantially free of lead; and c) continu- 
ously electroplating substrates with tin-copper alloy 
at a sufficient current density and at a sufficient tem- 
5 perature for high speed electroplating as the sub- 
strates pass through the electroplating solution 
within the cell. 

15. A method for depositing a tin-copper alloy including 
10 the steps of a) contacting a printed wiring board with 

an electrolyte composition comprising 5 to 100 g/L 
tin, 0.01 to 10 g/L copper, one or more acidic elec- 
trolytes and optionally one or more additives, 
wherein the electrolyte composition is substantially 
15 free of lead and b) passing a current through the 
electrolyte to deposit the tin-copper alloy on the 
printed wiring board. 

16. The method of claim 1 5 wherein the tin is in the form 
20 of a tin compound selected from the group compris- 
ing tin halides, tin sulfates, tin alkane sulfonate, tin 
alkanol sulfonate and mixtures thereof. 

17. The method of claim 1 5 wherein the copper is in the 
25 form of a coppercompound selected from the group 

comprising copper halides, copper sulfate, copper 
alkane sulfonate, copperalkanol sulfonate and mix- 
tures thereof. 

30 1 8. The method of claim 1 5 wherein the acidic electro- 
lyte is selected from the group comprising alkane 
sulfonic acids, sulfuric acid, hydrochloric acid, hyd- 
robromic acid and fluoroboric acid. 

35 19. The method of claim 15 wherein the acidic electro- 
lyte is present in an amount of 10 to 400 mL/L. 

20. The method of claim 15 wherein the additives are 
selected from the group comprising alloying mate- 

40 rials, reducing agents, wetting agents, brightening 
agents and mixtures thereof. 

21 . A printed wiring board comprising a tin-copper alloy 
deposited thereon, wherein the alloy is substantially 

45 free of lead. 

22. An apparatus comprising the printed wiring board 
of claim 21. 

50 
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